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These tasks describe a standard methodology for the initial phases 
of control system configuration and design. They were executed 
chronologically in the order listed above, and the remainder of 
this Executive Summary gives a condensed description of that 
process . 
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expulsion systems are not viable candidates, there are numerous 
other techniques for attitude and pointing control that have a 
wide array of advantages and disadvantages. The selection of 
single gimbal control moment gyroscopes (CMG's) was based on 
past experience combined with a review of available technology. 
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(3) Disturbance sources considered in this study did no 
cause degradation of pointing performance. Cryogen 
slosh, even during maneuvers with the largest 
acceleration profiles, did not interfere with contr 
accuracy or stability. 


(4) The major driver for sizing the CMG ' s is related to 
requirements on small angle slews. The 120 degree 
slew in 8 minutes requirement is very mild and a 
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*This set of slews is included as an example of a high performance 
earth-sun avoidance maneuver which may be required when the kO degree 
orbit spacecraft passes through the plane of the ecliptic. 
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shown possible to make use of up to 70% of the absolute maximum 
(i.e. 6 times the momentum or torque of one unit). Thus, a system 
using 25 Nm/50 Nms units could produce about 100 Nm and 200 Nms, 
which will satisfy the requirements for a "medium capability" 
SIRTF system. 
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PICTORIAL DIAGRAM OF POINTING AND CONTROL SYSTEM 
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ACTIVE IMAGE STABILIZATION CONTROL LOOP 
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CONTROL DESIGN AND SIMULATION METHODOLOGY 
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STATE VARIABLE VECTOR AND MATRIX DIMENSIONS 
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This chart describes the AIS control law. The commanded mirror 
angle vector 3d is a combination of a feedforward term 
(difference between the actual line-of-sight angle and the 
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CONTROL GAIN MATRIX STRUCTURE 
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NONLINEAR SIMULATION 
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BANG-BANG AND SINE-VERSINE SLEWS: TORQUE, RATE, AND ANGLE 
PROFILES. 
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28 DEG ORBIT OPEN AND CLOSED-LOOP ROOTS 
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SETTLING TIME VS SLEW TIME FOR 28 DEG ORBIT (SINE-VERSINE SLEW) 
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oscillations, but will not improve the TTRT. 
possible to achieve a 3 second TTRT instead of 


SETTLING TIME VS SLEW TIME FOR 28° ORBIT 
(SINE-VERSINE) 
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SETTLING TIME VS SLEW T-ME FOR 20 DEG ORBIT (BANG-BANG SLEW) 
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SIMULATION CASE: 28 DEG OR DT,r (Large Angle Slews) 
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SIMULATION CASE: 28 DEG ORBIT (Disturbances) 
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transient response, but limit cycle effects remain negligible for 
the low stiction case. 
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SETTLING TIME VS SLEW TIME FOR 98 DEG ORBIT ( SI NE-VERSI NE SLEW) 
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SIMULATION CASE: 98 DEG ORBIT (Small Angle Slews) 
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28 DEG ORBIT N-BODY NON-LINEAR SIMULATION 
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DOCUMENTATION OF LIQUID HELIUM SLOSH MODELS DEVELOPED FOR 
THE IRAS ACS SIMULATION 


By K. R. Lorell , Research Scientist 


I. INTRODUCTION 

This report describes the equations used to model the motion of super- 
fluid liquid helium inside the IRAS telescope dewar. Relative motion 

betv/een the superfluid and the dewar wall is important because of the 
potentially significant disturbing forces generated during wall-fluid 
interactions. Additionally, there exists the possibility of energy 
exchange between the satellite and the liquid helium through the 
medium of the attitude control subsystem. Under worst-case conditions 
a resonance nay develop, should the natural frequencies of any of the 
modes of fluid motion and the ACS be sufficiently well matched. 



In order to study the behavior of the attitude control subsystem and 
the resultant effect on pointing accuracy in the presence of disturbing 
torques induced by helium motion, three rather simple lumped-parameter 
models were developed. The models are all mechanical analogs utilizing 
either a pendulum or spring-mass-damper system. The rationale for not 
employing fluid-mechanical techniques is threefold: 1) our primary con- 

cern is the large-scale interaction of the superfluid helium and the 
satellite attitude dynamics, not the actual detailed fluid motion, 

2) fluid motion in general and superfluid helium in particular has proved 
to be very difficult to model, and 3) experiments by Mason, Collins, and 
Petrac (unpublished) have shown that the simple models are adequate for 
v/orst-case analyses. 
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1 1 . CASE I -SIMPLE SPRKiC-MASS-DAMPER 

During the initial pnases of the flight, the dewar will be almost completely 
filled with helium. Lorell, DeCra, and Collins have concluded that with 
the dewar nearly filled, the notion of the fluid relative to the tank 
will resemble that of a lightly damped spring-mass system. Figure 1 
shows a single-axis two dearee-of-freedom system. The equations describin 
the motion of the slosh mass and the resulting forces acting on the walls 
of the dewar can be obtained by approximating the slosh mass and satellite 
as damped linear harmonic oscillators. For the slosh mass we have 

m L? G\yi + K L (9 ?/ 1 - ©s') 4- BL ( Q m " @s) ^ 


and for the satellite. 


l s e s - 


where K is the spring constant, B is the damping constant, and the small - 
angle approximation has been used. and are disturbing and control 
moments respectively. In order to select appropriate initial values for 
tne parameters K and B, we use the equation 

• 

w -1- K 6 ^ t B - O & ' 


or, for the LaPlace transform of (3), the LaPlace variable S is given by 


5 


6 . w 


£ ' [4 Km - B 2 ]^ 
2rrT 
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From experimental work by Collins, we can select 

ii= O.2.- sec' 1 OjYid |j [4KVY1 - B ? 'j 
li m - ICO ko ( -t'ce^ K= 9 * lO^Ni/vi ( 5= 40Ni/ry>/ s ., 

Similarly, if the natural frequency is only 3 rad/sec then 

K " 3*10 Z Ni/yyi (7) 


4 / ar>1 1 = 30 rid/ Sic (5; 


III. CASE II - SINGLE ROTATING PENDULUM 

As the level of cryogen in the dewar decreases during the flight, a 
transition occurs from a nearly full state, with the fluid wetting 
all of the dewar walls, to a nearly empty state with the fluid con- 
fined to a small volume. This concentrated mass of fluid interacts with 
the dewar walls in response to satellite attitude notions which in turn 
are influenced by the fluid notion. It is easy to imagine a situation 
in which either an extended series of slewing maneuvers or continued limit 
cycle activity might excite a resonant mode in the dewar-fluid system. 
DeBra, Karqulies, and Karsten have all independently suggested modeling 
the depleted cryogen case with a rotating pendulum whose axis of rotation 
is coincident with the dewar axis of symmetry. In this model the pendulum 
is of fixed mass and length and rotates in a plane which lies parallel 
with the Y-Z plane of the satellite. Figure 2 illustrates the pendulum 
arrangement inside the dewar while Figure 3 is a diagram of forces acting 
on the mass and rod. 
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Our goal is to compute Fp. Thus B summing components of forces acting 
on n along the direction of Fp, v/e can immediately write 


F r -rn R. t yvi U ccsJ> +• m L B~. s:n4 (2) 

P <j 


For torques acting about the axis of rotation (equivalent to forces 
perpendicular to Fp), v/e can write 


• • 

tY) Z z 4 + B'S - WLR. (5) 


thus providing a means to calculate the motion of the pendulum. 


The reaction of the satellite to Fp (that is, the force generated by 
tiie rotating pendulum mass) is 


• • 

Xu (i “ ”* (** Pp) L cos,cf) 

l (lo) 

6? r L siucp 



I d^cos-p - L % s,w< /] L Cc&f +- Mcu + 


Expressions (9) and (11) form a set of seccnd-orJer non-linear 
differential equations which must be solved numerically in the context 
of the ACS simulation. Aside from programming the equations themselves, 
all that is needed is appropriate initial conditions for $ and 
However, a range of values for $ and Q snoula be explored (with particular 
attention to !j)) in order to determine any areas of ACS sensitivity. 
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In orJer to calculate an approximate starting value for B 1 , assume a time 
constant of .2 sec" 1 as before with n = 20 kg, R = 75 cm. Then a LaPlace 
transform of ■ the left side of (9) yields 

&s)= * (0 X(vv.P^S') 

&' s 0.£ n/vxi 2> - d.SS Nt"™/niel/sec 

WR} 

It is suggested that since B* is a rather critical value to the outcome 
of the investigation, it be varied by an order of magnitude both higher 
and lower. 


IV. CASE III - DOUBLE (OR MULTIPLE) ROTATING PEilDULA 

Margul ies‘ has developed a model for fuel slosh in a Lockheed Agena 
which uses a multiple pendulum concept. This idea relates to the 
possibility of more than one slosh mass being excited during maneuvering 
or under dewar fill-level conditions wherein the fluid condenses into 
several units. While this model is probably more appropriate for a 
vehicle with high maneuvering rates such as the Agena, it could be useful 
to describe the cryogen behavior in a 25% to 75% fill situation in the 
IRAS dewar. 


Figure 4 indicates the generalized location of two pendulums in the 
IRAS dev/ar. Using notation identical with that of Case II, it is 
immediately possible to write down a set of governing equations 
analogous to (3), (9), (10), and (11). 


0 % 

F IVI P j. I, YA P Up 

P£ = + Y/I c u, £ i a £ d ^ t 
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ll R 1 ^*-rt'«‘- 1 y ,N 4r M t L t^ c ^i + ^1 = 0 
ni ? Se ^ f ^ Le V oft ^+| ^ 



b' can be selected as in Case II. 

Equations (15) and (16) may clearly be extended indefinitely to 
include any arbitrary number of pendulums. However, the resultant 
computational load required to perform an iterative solution of the 
coupled non-1 inear equations rapidly becomes unmanageable, so that 
probably three separate masses is a practical limit. 

V. IilPLEnEtiTATIOil Hi THE IRAS ACS SIMULATION 

Equations for the three slosh models may be implemented into the IRAS 
ACS simulation through the addition of the appropriate state variables. 
The slosh equations essentially model a disturbing moment which contains 
its own dynamics. The slosh state-variables thus require inputs from 
tne vehicle state-variables for their computation. After the slosh 
state has been computed, Fp may be determined and included in the next 
iteration of the vehicle state. 
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Figure 5 illustrates a simplified block diagram of the IRAS ACS simulation 
without the slosh model. Basically, the cryogen slosh is a dynamic 
disturbance moment which is a function of the vehicle states. Figure 6 
indicates this configuration. 

The computation sequence for the ACS simulation with slosh dynamics is 
shown in Figure 7. The reason for computing the value of Fp first is that 
non-zero initial values of ij) and <{) define a non-zero initial value of Fp 
which affects the initial conditions of the attitude computation. This 
sequence permits the examination of ACS/slosh interaction for other than 
quiescent start-up conditions, e.g., simulation of pointing mode operation 
following a series of scans or slews. 

VI. CONCLUSIONS 


Equations of motion of three models of liquid helium motion within the 
IRAS dewar are described. The models are all simple mechanical analogs, 
and no attempt has been made to describe the detailed motion of the 
fluid. One of the models is suitable for fluid motion with the dewar 
nearly full, while the other two are representative of intermediate fill 
levels, including an almost empty dewar. 

Values for natural frequency and damping coefficients have been derived 
from experiments performed in zero gravity conditions with superfluid 
helium. Tnese values should be used only as a starting point; however. 
Simulations should be done with critical parameters, such as initial 
conditions, damping coefficients, and natural frequencies varied by as 
much as an order of magnitude. This technique makes it possible to 
bound the slosh state-variable regimes, if any, which adversely affect 
the ACS. 
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Figure G. IRAS ACS Simulation with slosh dynamics included 
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Figure 7. Suggested confutation sequence 
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VEHICLE AND SYSTEM MATRICES FOR 28 and 98 DEG CASES 


This appendix contains the numerical values for the matrices used 
in the various simulations of the 28 degree and 98 degree orbit 
vehicles. Two sets of matrices are presented for each vehicle : 

1) The matrices Fv and Gv corresponding to the vehicle 
dynamics only, as obtained through the NBODY/TERFLEX 
program. 

2) The matrices F, G, C and B corresponding to the whole 
system, i.e., that include the various control loops for 
attitude control as well as for AIS. This set of matrices 
was used directly in the LISSA program for all the linear 
simulations and the simulations of the CMG gimbal 
stiction. This latter effect requires a special code in 
LISSA to make explicit the dependency between the commanded 
torque and the torque delivered by the CMGs. 

The matrices H and K used by the LISSA program to tailor the 
output are not displayed in this appendix because they are 
basically scaling factors and are therefore generated ad-hoc and 
of no fundamental value. 

All matrices are given in the same standard format : each and 
only non-zero matrix element is printed, preceded by two integers 
representing the row and column indices respectively. The name 
and dimension of each matrix is printed first, followed by the 
value of the non-zero elements and their indices. 

In the C matrices, for both cases, one may note the quantity 
1.02 which corresponds to the feedforward scale factor error 
used in the simulations for both AIS and attitude control system. 
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****** VEHICLE DYNAMICS MATRICES FOR 28 DEG ORBIT ( 1 of 3 ) **** 


** Fv 

IS 32 X 32 



1 , « 

1 . 565-01 

1 , 5 

- 2 . 643-04 

i , a 

4 . 346-06 

1 , 3 

9 . 062-05 

1 , 12 

1 . 198-08 

1 , 13 

1 . 488-06 

1 , 16 

1 . 488-06 

1 , 17 

- 4 . 449-08 

1, 20 

2 . 220+03 

1,21 

- 3 . 650+00 

1,24 

3 . 835-03 

1, 25 

7 . 782-02 

1, 28 

4 . 791-06 

1, 29 

4 . 059-04 

1, 32 

4 . 059-04 

2 , ^ 

- 4 . 295-04 

2 , 7 

- 1 . 599-04 

2 , 8 

1 . 354-03 

2 , 11 

- 7 . 461-07 

2 , 12 

4 . 004-04 

2 , 15 

4 . 004-04 

2 , 16 

3 . 360-04 

2 , 19 

- 2 . 078-09 

2 , 20 

- 6 . 095+00 

2,23 

- 1 . 373-01 

2 , 24 

1 . 194+00 

2 , 27 

- 2 . 035-04 

2 , 28 

1 . 601-01 

2 , 31 

1 . 601-01 

2 , 32 

9 . 165-02 

3 , 6 

4 . 483-07 

3 , 7 

- 1 . 278-03 

3 , 10 

1 . 575-04 

3 , 11 

- 6 . 262-06 

3 , 14 

- 6 . 262-06 

3 , 15 

4 . 723-05 

3 , 18 

- 1 . 511-09 

3 , 19 

- 1 . 661-08 

3,22 

1 . 067-06 

3 , 23 

- 1 . 098+00 

3,26 

1 . 390-01 

3,27 

- 1 . 708-03 

3 , 30 

- 1 . 708-03 

3,31 

1 . 889-02 

4 , 5 

- 2 . 256-02 

4 , 6 

- 2 . 819-06 

4 , 9 

- 2 . 194-05 

4 , 10 

2 . 110-05 

4 , 13 

1 . 271-04 

4 , 14 

- 5 . 523-03 

4 , 17 

4 . 470-08 

4 , 18 

- 3 . 272-11 

4,21 

— 3 . 1 1 6+02 

4,22 

- 6 . 712-06 

4 , 25 

- 1 . 884-02 

4,26 

1 . 861-02 

4,29 

3 . 466—02 

4 , 30 

- 1 . 506+00 

5 , 4 

- 2 . 256-02 

5 , 5 

- 1 . 163+00 

5 , Q 

- 1 . 351-03 

5 , 9 

- 2 . 008-04 

5 , 12 

- 4 . 036-04 

5 , 13 

- 6 . 873-04 

5,16 

- 6 . 873-04 

5 , 17 

- 7 . 552-11 

5 , 20 

- 3 . 202+02 

5 , 21 

- 1 . 607+04 

5 , 24 

- 1 . 192+00 

5 , 25 

- 1 . 725-01 

5 , 28 

- 1 . 615-01 

5 , 29 

- 1 . 874-01 

5 , 32 

- 1 . 874-01 

6 , 4 

- 7 . 048-01 

6 , 7 

5 . 212-04 

6 , 8 

- 5 . 306-04 

6 , 11 

1 . 695-03 

6 , 12 

- 3 . 497-05 

6 , 15 

- 3 . 497-05 

6 , 16 

- 4 . 268-03 

6 , 19 

1 . 174-08 

6 , 20 

- 1 . 000+04 

6 , 23 

4 . 476-01 

6 , 24 

- 4 . 682-01 

6 , 27 

4 . 622-01 

6 , 28 

- 1 . 399-02 

6 , 31 

- 1 . 399-02 

6 , 32 

- 1 . 164+00 

7 , 6 

5 . 151-07 

7, 7 

- 9 . 354-02 

7 , 10 

3 . 161-04 

7 , 11 

- 8 . 002-04 

7 , 14 

- 8 . 002-04 

7 , 15 

9 . 405-05 

7 , 18 

- 3 . 009-09 

7 , 19 

- 3 . 308-08 

7 , 22 

1 . 226-06 

7 , 23 

- 8 . 033+01 

7 , 26 

2 . 789-01 

7,27 

- 2 . 182-01 

7 , 30 

- 2 . 182-01 

7 , 31 

3 . 762-02 


1 , 

6 

- 1 . 936-08 

1 , 7 

8 . 994-05 

1 , 

10 

- 4 . 265-06 

1,11 

5 . 546-03 

1 , 

14 

5 . 546-03 

1 , 15 

1 . 198-08 

1 , 

18 

- 3 . 833-13 

1 , 19 

- 4 . 423-12 

1 , 

22 

- 4 . 610-08 

1, 23 

7 . 724-02 

1 , 

26 

- 3 . 764-03 

1,27 

1 . 513+00 

1 , 

30 

1 . 513+00 

1, 31 

4 . 791-06 

2 , 

5 

1 . 695-01 

2 , 6 

5 . 875-08 

2 , 

9 

1 . 594-04 

2 , 10 

1 . 353-03 

2 , 

13 

3 . 360-04 

2 , 14 

- 7 . 461-07 

2 , 

17 

- 1 . 437-12 

2 , 18 

- 1 . 281-08 

2 . 

21 

2 . 341+03 

2,22 

1 . 399-07 

2 , 

25 

1 . 369-01 

2 , 26 

1 . 194+00 

2 , 

29 

9 . 165-02 

2 , 30 

- 2 . 035-04 

3 , 

4 

- 3 . 605-03 

3 , 5 

2 . 344-02 

3 , 

8 

1 . 618-04 

3 , 9 

1 . 274-03 

3 , 

12 

4 . 723-05 

3 , 13 

5 . 814-03 

3 , 

16 

5 . 814-03 

3 , 17 

- 1 . 206-1 1 

3 , 

20 

- 5 . 115+01 

3 , 21 

3 . 237+02 

3 , 

24 

1 . 427-01 

3 , 25 

1 . 094+00 

3 , 

28 

1 . 889-02 

3 , 29 

1 . 586+00 

3 , 

32 

1 . 586+00 

4 , 4 

- 1 . 136+00 

4 , 

7 

- 7 . 996-05 

4 , 8 

- 1 . 418-05 

4 , 

11 

- 5 . 523-03 

4 , 12 

1 . 023-06 

S 

15 

1 . 023-06 

4 , 16 

1 . 271-04 

S 

19 

- 3 . 776-10 

4 , 20 

- 1 . 612+04 

4 , 

23 

- 6 . 867-02 

4 , 24 

- 1 . 251-02 

S 

27 

- 1 . 506+00 

4 , 28 

4 . 091-04 

4 , 

31 

4 . 091-04 

4 , 32 

3 . 466-02 

5 , 

6 

- 2 . 942-06 

5 , 7 

1 . 765-04 

5 , 

10 

- 1 . 378-03 

5 , 11 

- 3 . 925-05 

5 , 

14 

- 3 . 925-05 

5 , 15 

- 4 . 036-04 

5 , 

18 

1 . 292-08 

5 , 19 

2 . 456-09 

5 , 

22 

- 7 . 004-06 

5 , 23 

1 . 516-01 

5 , 

26 

- 1 . 216+00 

5 , £7 

- 1 . 071-02 

5 , 

30 

- 1 . 071-02 

5 , 31 

- 1 . 615-01 

6 , 

5 

- 7 . 354-01 

6 , 6 

- 8 . 796-05 

6 , 

9 

- 1 . 283-02 

6 , 10 

2 . 942-04 

6 , 

13 

- 4 . 268-03 

6 , 14 

1 . 695-03 

6 , 

17 

- 1 . 383-09 

6 , 18 

1 . 119-09 

6 , 

21 

- 1 . 016+04 

6 , 22 

- 2 . 094-04 

6 , 

25 

- 1 . 102+00 

6 , 26 

2 . 596-01 

6 , 

29 

- 1 . 164+00 

6 , 30 

4 . 622-01 

7 , 

4 

- 1 . 975-02 

7 , 5 

4 . 360-02 

7 , 

8 

3 . 197-04 

7 , 9 

2 . 262-03 

7 , 

12 

9 . 405-05 

7 , 13 

1 . 158-02 

7 , 

16 

1 . 158-02 

7 , 17 

6 . 349-09 

7 , 

20 

- 2 . 803+02 

7,21 

6 . 021+02 

7 , 

24 

2 . 821-01 

7 , 25 

1 . 943+00 

7 , 

28 

3 . 762-02 

7 , 29 

3 . 157+00 

7 , 

32 

3 . 157+00 

8 , 4 

- 3 . 504-03 


217 


PRECEDING PAGE BLANK NOT FILMED 


A\ID 

BiAMK 


****** VEHICLE DYNAMICS MATRICES FOR £8 DEG ORBIT (2 of 3 ) **** 


Matrix Fv (continued) 


e , 

5 

- 3 . 336-01 

a, 

6 

- 5 . £ 43-07 

a, 

7 

3 . 197-04 

a, 

a 

- 9 . 367-02 

a, 

9 

- 3 . £ 36-04 

a, 

10 

- 2 . 424-03 

a, 

11 

9 . 471-04 

a, 

12 

- 7 . 962-04 

a . 

13 

- 6 . 864-04 

a, 

14 

9 . 471-04 

a, 

15 

- 7 . 962-04 

a, 

16 

- 6 . 864-04 

a, 

17 

3 . 068-10 

a, 

18 

2 . 548-08 

a, 

19 

4 . 187-09 

a, 

20 

- 4 . 972+01 

a . 

£1 

- 4 . 610+03 

a, 

22 

- 1 . £ 48-06 

a. 

23 

2 . 746-01 

a, 

£4 

- 8 . £ 65+01 

a, 

£5 

— £. 779-01 

a, 

26 

- 2 . 139+00 

a, 

£7 

2 . 583-01 

a, 

28 

- 3 . 185-01 

a, 

£9 

- 1 . 872-01 

a, 

30 

2 . 583-01 

a. 

31 

- 3 . 185-01 

a, 

32 

- 1 . 872-01 

9 , 

4 

- 5 . 420-03 

9 , 

5 

- 4 . 962-02 

9 , 

6 

- 1 . £ 68-06 

9 , 

7 

2 . £ 62-03 

9 , 

a 

- 3 . £ 36-04 

9 , 

9 

- 9 . 352-02 

9 , 

10 

- 3 . 104-04 

9 , 

11 

- 7 . 753-04 

9 , 

12 

- 9 . 377-05 

9 , 

13 

- 1 . 154-02 

9 , 

14 

- 7 . 753-04 

9 , 

15 

- 9 . 377-05 

9 , 

16 

- 1 . 154-02 

9, 

17 

6 . 397-09 

9 , 

18 

3 . 001-09 

9, 

19 

3 . 298-08 

9, 

£0 

- 7 . 69£+0 1 

9 , 

21 

— 6 . 852+02 

9, 

22 

- 3 . 018-06 

9, 

£3 

1 . 943+00 

9, 

£4 

- 2 . 855-01 

9 , 

£5 

- 8 . 032+01 

9, 

26 

- 2 . 739-01 

9, 

27 

- 2 . 1 14-01 

9, 

£6 

- 3 . 751-02 

9, 

29 

- 3 . 1 * 8+00 

9 , 

30 

- 2 . 114-01 

9, 

31 

- 3 . 751-02 

9, 

32 

- 3 . 148+00 

10 , 

4 

5 . £ 12-03 

10 , 

5 

- 3 . 404-01 

I«a, 

6 

2 . 907-07 

10 , 

7 

3 . 161-04 

10 , 

a 

- 2 . 424-03 

10 , 

9 

- 3 . 104-04 

10 , 

10 

- 9 . 367-02 

10 , 

1 1 

- 9 . 442-04 

10 , 

12 

- 7 . 959-04 

10 , 

i.3 

- 6 . 497-04 

10 , 

14 

- 9 . 442-04 

10 , 

15 

- 7 . 959-04 

10 , 

16 

- 6 . 497-04 

is. 

17 

- 3 . 011-10 

10 , 

18 

2 . 547-08 

10 , 

19 

4 . 078-09 

10 , 

20 

7 . 396+01 

10 , 

21 

- 4 . 700+03 

10 , 

22 

6 . 922-07 

10 , 

£3 

2 . 715-01 

10 , 

24 

- 2 . 139-00 

10 , 

25 

- 2 . 666-01 

10 , 

26 

- 8 . £ 65+01 

10 , 

£7 

— £. 575-01 

10 , 

28 

- 3 . 184-01 

10 , 

£9 

- 1 . 772-01 

10 , 

30 

- 2 . 575-01 

10 , 

31 

- 3 . 184-01 

10 , 

32 

- 1 . 772-01 

11 , 

4 

- 2 . 636-01 

11 , 

5 

- 1 . 873-03 

11 , 

a 

3 . 235-07 

11 , 

7 

- 1 . 546-04 

11 , 

8 

1 . 830-04 

11 , 

9 

- 1 . 498-04 

11 , 

10 

- 1 . 824-04 

11 , 

1 1 

- 9 . £ 83-32 

U, 

12 

8 . 478-08 

11 , 

13 

1 . 054-05 

11 , 

14 

- 1 . 013-02 

11 , 

15 

8 . 478 - 0 ^ 

11 , 

16 

1 . 054-05 

11 , 

17 

7 . 563-08 

11 , 

Id 

- 2 . 713-12 

11 , 

19 

- 3 . 131-11 

U, 

20 

- 3 . 741+03 

11 , 

21 

— 2 . 587 +0 1 

11 , 

£2 

7 . 703-07 

11 , 

£3 

- 1 . 328-01 

U, 

£4 

1 . 614-01 

11 , 

25 

- 1 . 286-01 

11 , 

26 

- 1 . 609-01 

11 , 

27 

- 2 . 532+01 

11 , 

28 

3 . 391-05 

11 , 

29 

2 . 873-03 

11 , 

30 

- 2 . 762+00 

11 , 

31 

3 . 391-05 

11 , 

32 

2 . 873-03 

12 , 

4 

4 . 295-04 

12 , 

5 

- 1 . 695-01 

12 . 

6 

- 5 . 875-08 

12 , 

7 

1 . 599-04 

12 , 

a 

- 1 . 354-03 

12 , 

9 

- 1 . 594-04 

12 , 

10 

- 1 . 353-03 

12 , 

1 1 

7 . 461-07 

12 , 

12 

- 1 . 140-01 

12 , 

13 

- 3 . 360-04 

12 , 

14 

7 . 461-07 

12 , 

15 

- 4 . 004-04 

12 , 

16 

- 3 . 360-04 

12 , 

17 

1 . 437-12 

12 , 

18 

1 . 281-08 

12 , 

19 

2 . 078-09 

12 , 

£0 

6 . 095+00 

12 , 

21 

- 2 . 341+03 

12 , 

22 

- 1 . 399-07 

12 , 

£3 

1 . 373-01 

12 , 

24 

- 1 . 194+00 

12 , 

£5 

- 1 . 369-01 

12 , 

26 

- 1 . 194+00 

12 , 

£7 

2 . 035-04 

12 , 

28 

- 4 . 561+01 

12 , 

29 

- 9 . 165-02 

12 , 

30 

2 . 035-04 

12 , 

31 

- 1 . 601-01 

12 , 

32 

- 9 . 165-02 

13 , 

4 

6 . 065-03 

13 , 

5 

- 3 . £ 80-02 

13 , 

6 

- 8 . 147-07 

13 , 

7 

2 . £ 36—03 

13 , 

a 

- 1 . 326-04 

13 , 

9 

- 2 . £ 30-03 

13 , 

10 

- 1 . £ 55-04 

13 , 

11 

1 . 054-05 

13 , 

12 

- 3 . 619-05 

13 , 

13 

- 1 . 012-01 

13 , 

14 

1 . 054-05 

13 , 

15 

- 3 . 819-05 

13 , 

16 

- 1 . 104-02 

13 , 

17 

2 . 030-11 

13 , 

18 

1 . £ 22-09 

13 , 

19 

2 . 907-08 

13 , 

£0 

6 . 607+01 

13 , 

21 

- 4 . 530+02 

13 , 

22 

- 1 . 940-06 

13 , 

23 

1 . 921+00 

13 , 

24 

- 1 . 170-01 

13 , 

£5 

- 1 . 915+00 

13 , 

26 

- 1 . 107-01 

13 , 

£7 

2 . 873-03 

13 , 

£6 

- 1 . 527-02 

13 , 

£9 

- 2 . 760+01 

13 , 

30 

2 . 873-03 

13 , 

31 

- 1 . 527-02 

13 , 

32 

- 3 . 012+00 

14, 

4 

- 2 . 636-01 

14, 

5 

- 1 . 873-03 

14, 

6 

3 . 235-07 

14, 

7 

- 1 . 546-04 

14 , 

8 

1 . 830-04 

14 , 

9 

- 1 . 498-04 

14 , 

10 

- 1 . 824-04 

14 , 

1 1 

- 1 . 013-02 

14 , 

12 

8 . 478-08 

14 , 

13 

1 . 054-05 

14 , 

14 

- 9 . £ 83-02 

14 , 

15 

8 . 478-08 

14 , 

16 

1 . 054-05 

14 , 

17 

7 . 563-08 

14 , 

18 

- 2 . 713-12 

14 , 

19 

- 3 . 131-11 

14 , 

20 

- 3 . 741+03 

14 , 

£1 

- 2 . 587+01 

14 , 

£2 

7 . 703-07 

14 , 

£3 

- 1 . 328-01 

14 , 

£4 

1 . 614-01 

14 , 

£5 

- 1 . £ 86-01 

14 , 

26 

- 1 . 609-01 

14 , 

27 

- 2 . 762+00 

14 , 

28 

3 . 391-05 

14 , 

£9 

2 . 873-03 

14 , 

30 

- 2 . 532+01 

14 , 

31 

3 . 391-05 

14 , 

32 

2 . 873-03 

15, 

4 

4 . £ 95-04 

15 , 

5 

- 1 . 695-01 
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****** VEHICLE DYNAMICS MATRICES FOR 28 DEG ORBIT (3 of 


) **** 


Matrix Fv (continued) 


15, 

6 

-5. 875-08 

15, 

7 

1. 599-04 

15. 8 

-1. 354-03 

15, 

9 

-1. 594-04 

15, 

10 

-1 . 353-03 

15, 

11 

7. 461-07 

15, 12 

-4. 004-04 

15, 

13 

-3. 360-04 

15, 

14 

7. 461-07 

15, 

15 

-1. 140-01 

15, 16 

-3. 360-04 

15, 

17 

1. 437-12 

15, 

18 

1. 281-08 

15, 

19 

2. 078-09 

15, 20 

6. 095+00 

15, 

21 

—2. 34 1 +03 

15, 

22 

-1. 399-07 

15, 

23 

1. 373-01 

15,24 

-1. 194+00 

15, 

25 

-1. 369-01 

15, 

26 

-1. 194+00 

15, 

27 

2. 035-04 

15, 28 

-1. 601-01 

15, 

29 

-9. 165-02 

15, 

30 

2. 035-04 

15, 

31 

-4. 561+01 

15, 32 

-9. 165-02 

16, 

4 

6. 065-03 

16, 

5 

-3. 280-02 

16, 

6 

-8. 147-07 

16, 7 

2. 236-03 

16, 

8 

— 1 . 326—04 

16, 

9 

—2. 230—03 

16, 

10 

-1. 255-04 

16, 1 1 

1 . 054-05 

16, 

12 

-3. 819-05 

16, 

13 

-1. 104-02 

16, 

14 

1. 054-05 

16, 15 

-3. 819-05 

16, 

16 

-1. 012-01 

16, 

17 

2. 030-11 

16, 

18 

1. 222-09 

16, 19 

2. 907-08 

16, 

20 

8. 607+01 

16, 

21 

-4. 530+02 

16, 

22 

-1. 940-06 

16, 23 

1. 921+00 

16, 

24 

-1. 170-01 

16, 

25 

-1. 915+00 

16, 

26 

-1. 107-01 

16,27 

2. 873-03 

16, 

28 

-1. 527-02 

16, 

29 

-3. 012+00 

16, 

30 

2. 873-03 

16, 31 

-1. 527-02 

16, 

32 

-2. 760+01 

17, 

1 

1. 000+00 

18, 

2 

1. 000+00 

19, 3 

1. 000+00 

20, 

4 

1. 000+00 

21, 

5 

1. 000+00 

22, 

6 

1. 000+00 

23, 7 

1. 000+00 


8 

1. 000+00 

25, 

9 

1. 000+00 

26, 

10 

1. 000+00 

27, 1 1 

1. 000+00 

28, 

12 

1. 000+00 

29, 

13 

1. 000+00 

30, 

14 

1. 000+00 

31, 15 

1. 000+00 

32, 

16 

1 . 000+00 


** Gv 

IS 32X 3 



1 

7. 416-05 

2. 395-09 

2. 010-08 

2 

2. 395-09 

8. 007-05 

9. 446-06 

3 

2. 010-08 

9. 446-06 

7. 550-05 

4 

-7. 451-05 

2. 045-07 

1. 716-06 

5 

1. 259-07 

-8. 073-05 

-1. 116-05 

6 

2. 305-06 

-6. 994-06 

-5. 337-05 

7 

-1. 058-05 

1.881-05 

1. 504-04 

a 

-5. 113-07 

-1. 592-04 

-1. 903-05 

9 

— 1 . 066—05 

-1. 875-05 

-1. 499-04 

10 

5. 018-07 

-1. 592-04 

-1. 853-05 

1 1 

-1. 260-04 

1. 696-08 

1. 423-07 

12 

-2. 395-09 

-8. 007-05 

-9. 446-06 

13 

-3. 383-08 

-7. 637-06 

-1. 321-04 

14 

-1. 260-04 

1. 696-08 

1. 423-07 

15 

-2. 395-09 

-8. 007-05 

-9. 446-06 

16 

-3. 383-08 

-7. 637-06 

-1. 321-04 
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******** SYSTEM MATRICES FOR £8 
** F IS 45X45 


1, 4 

1. 565-01 

1, 5 

-2. 643-04 

i» e 

4. 346-06 

1, 9 

9. 062-05 

1, 1£ 

1. 198-08 

1, 13 

1. 488-06 

1, 16 

1. 488-06 

1, 17 

-4. 449-08 

1,28 

2. £20+03 

1,21 

-3. 650+00 

1,24 

3. 835-03 

1, 25 

7. 7 A £— 02 

1,28 

4. 791-06 

1,29 

4. 059-04 

1, 32 

4. 059-04 

£» 4 

-4. £95-04 

£, 7 

-1. 599-04 

2, 8 

1. 354-03 

2, 11 

-7. 461-07 

2, 12 

4. 004-04 

2, 15 

4. 004-04 

2, 16 

3. 360-04 

2, 19 

-2. 078-09 

2, £0 

-6. 095+00 

2,23 

-1. 373-01 

2,24 

1. 194+00 

2,27 

-2. 035-04 

2, 28 

1. 601-01 

2, 31 

1.601-01 

2, 32 

9. 165-02 

3, 6 

4. 483-07 

3, 7 

-1. 278-03 

3, 18 

1. 575-04 

3, 11 

-6. £62-06 

3, 14 

—6. 262—06 

3, 15 

4. 723-05 

3, 18 

-1. 511-09 

3, 19 

-1. 661-08 

3, 22 

1. 067-06 

3, 23 

-1. 098+00 

3,26 

1. 390-01 

3, £7 

-1. 708-03 

3, 38 

-1. 708-03 

3, 31 

1. 889-02 

4, 5 

-2. £56-02 

4, 6 

-2. 819-06 

4, 9 

-2. 194-05 

4, 10 

2. 110-05 

4, 13 

1. £71-04 

4, 14 

-5. 523-03 

A, 17 

4. 470-08 

4, 18 

-3. £72-11 

4, £1 

-3. 116+02 

4,22 

-6. 712-06 

4, £5 

-1. 884-02 

4, 26 

1. 861-02 

4, £9 

3. 466-02 

4, 30 

-1. 506+00 

5, 4 

-2. £56-02 

5, 5 

—1.1 63+00 

5, 8 

— 1 . 351—03 

5, 9 

-2. 008-04 

5, 12 

-4. 036-04 

5, 13 

-6. 873-04 

5,16 

-6. 873-04 

5, 17 

-7. 552-11 

5, £0 

-3. 202+02 

5, 21 

-1. 607+04 

5,24 

-1. 192+00 

5, 25 

-1. 725-01 

5, £8 

-1. 615-01 

5, £9 

-1. 874-01 

5, 32 

-1. 874-01 

6, 4 

-7. 048-01 

6, 7 

5. 212-04 

6, 8 

-5. 306-04 

6, 1 1 

1. 695-03 

6, 12 

-3. 497-05 

6, 15 

-3. 497-05 

6, 16 

-4. £68-03 

6, 19 

1. 174-08 

6, 20 

-1. 000+04 

6, 23 

4. 476-01 

6, £4 

-4. 682-01 

6,27 

4. 622-01 

6, £8 

-1. 399-02 

6, 31 

-1. 399-02 

6, 32 

-1. 164+00 

7, 6 

5. 151-07 

7, 7 

-9. 354-02 

7, 10 

3. 161-04 

7, 11 

-8. 002-04 

7, 14 

-8. 002-04 

7, 15 

9. 405-05 

7, 18 

-3. 009-09 

7, 19 

-3. 308-08 

7,22 

1. 226-06 

7, £3 

-8. 033+01 

7,26 

2. 789-01 

7,27 

-2. 182-01 

7,30 

-2. 182-01 

7, 31 

3. 762-02 

8, 5 

-3. 338-01 

8, 6 

-5. 243-07 

a, 9 

-3. 236-04 

8, 10 

-2. 424-03 

8, 13 

-6. 864-04 

8, 14 

9. 471-04 


DEG 

ORBIT ( 1 of 3 

) 

********* 

1, 

6 

-1. 936-08 

1, 

7 

8. 994-05 

1, 

10 

-4. £65-06 

1, 

1 1 

5. 546-03 

1, 

1A 

5. 546-03 

1, 

15 

1. 198-08 

1, 

18 

-3. 833-13 

1, 

19 

-4. 423-12 

1 

* f 

£2 

-4. 610-08 

1, 

£3 

7. 724-02 

1, 

26 

-3. 764-03 

1, 

£7 

1. 513+00 

1, 

30 

1. 513+00 

1, 

31 

4. 791-06 

£, 

5 

1. 695-01 

£•, 

6 

5. 875-08 

£, 

9 

1. 594-04 


10 

1. 353-03 

£, 

13 

3. 360-04 

2 f 

14 

-7. 461-07 

£, 

17 

-1.437-12 

£, 

18 

-1. £81-08 

£» 

21 

2. 341+03 

£, 

22 

1. 399-07 

£, 

25 

1. 369-01 

£, 

£6 

1. 194+00 

£» 

29 

9. 165-02 

£, 

30 

-2. 035-04 

3, 

4 

-3. 605-03 

3, 

5 

2. 344—02 

3, 

a 

1. 618-04 

3, 

9 

1. £74-03 

3, 

12 

4. 723-05 

3, 

13 

5. 814-03 

3, 

16 

5. 814-03 

3, 

17 

-1. £06-1 1 

3, 

£0 

-5. 115+01 

3, 

£1 

3. £37+02 

3, 

24 

1. 427-01 

3, 

25 

1. 094+00 

3, 

28 

1. 889-02 

3, 

£9 

1. 586+00 

3, 

32 

1. 586+00 

A, 

4 

-1. 136+00 

A, 

7 

-7. 996-05 

A, 

8 

-1. 418-05 

A, 

11 

-5. 523-03 

A, 

12 

1. 023-06 

A, 

15 

1. 023-06 

A, 

16 

1. £71-04 

A, 

19 

-3. 776-10 

A, 

20 

-1. 612+04 

A, 

£3 

-6. 867-02 

A, 

£4 

-1. £51-02 

A, 

£7 

-1. 506+00 

A, 

28 

4. 091-04 

A, 

31 

4. 091-04 

A, 

32 

3. 466-02 

5, 

6 

-2. 942-06 

5, 

7 

1. 765-04 

5, 

10 

-1. 378-03 

5, 

11 

-3. 925-05 

5, 

14 

-3. 925-05 

5, 

15 

-4. 036-04 

5, 

18 

1. 292-08 

5, 

19 

2. 456-09 

5, 

22 

-7. 004-06 

5, 

23 

1. 516-01 

5, 

£6 

-1. £16+00 

5, 

27 

-1. 071-02 

5, 

30 

-1. 071-02 

5, 

31 

-1. 615-01 

6, 

5 

-7. 354-01 

6, 

6 

-8. 796-05 

6, 

9 

-1.283-03 

6, 

10 

2. 942-04 

6, 

13 

-4. £68-03 

6, 

14 

1. 695-03 

6, 

17 

-1. 383-09 

6, 

18 

1. 119-09 

6, 

£1 

-1. 016+04 

6, 

22 

-2. 094-04 

6, 

25 

-1. 102+00 

6, 

26 

2. 596-01 

6, 

29 

-1. 164+00 

6, 

30 

4. 622-01 

7, 

4 

-1. 975-02 

7, 

5 

4. 360-02 

7, 

8 

3. 197-04 

7, 

9 

2. £62-03 

7, 

12 

9. 405-05 

7, 

13 

1 . 158-02 

7, 

16 

1. 158-02 

7, 

17 

6. 349-09 

7, 

20 

-2. 803+02 

7, 

21 

6. 021+02 

7, 

£4 

2. 821-01 

7, 

25 

1. 943+00 

7, 

28 

3. 762-02 

7, 

29 

3. 157+00 

7, 

32 

3. 157+00 

8, 

4 

-3. 504-03 

8, 

7 

3. 197-04 

8, 

a 

-9. 367-02 

8, 

11 

9. 471-04 

8, 

12 

-7. 962-04 

8, 

15 

-7. 962-04 

8, 

16 

-6. 864-04 
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******* SYSTEM MATRICES FOR £8 DEG ORBIT < £ of 3 ) ********* 


Matrix F (continued) 


8,17 3.068-10 

8, £1 -A. 610+03 

8, £5 -£.779-01 
a, £9 -1.87£-01 

9, A -5. A£0-03 
9, 8 -3. 836-0A 
9, 1£ -9. 377-05 
9, 16 -1. 15A-08 
9, £0 -7.698+01 
9, £A -£.855-01 
9,88 -3.751-0E 

9,38 -3. 1A8+00 

10, 7 3. 161-0A 

10,11 —9. AA£— 0A 

10.15 -7. 959-0A 

10,19 A. 078-09 
10,83 £.715-01 

10,87 -£.575-01 

10,31 -3. 16A-01 

11, 6 3. £35-07 

11,10 -1. 88A-0A 
1 1, 1A -1. 013-08 
11, 18 -£. 713-1£ 
11, ££ 7.703-07 

11, £3 -1.609-01 

11,30 — £. 76£+00 
18, 5 -1.695-01 
18, 9 -1.59A-0A 
18, 13 -3. 360-0A 

18.17 1.A37-18 
18,81 -8. 3A1+03 

12, £5 -1.369-01 

18.29 -9.165-08 

13, A 6.065-03 
13, 8 -1 . 3£6-0A 
13, 18 -3. 819-05 

13. 16 -1. 10A-08 

13, £0 8.607+01 

13, 2A -1. 170-01 
13, £8 -1. 527-08 

13,38 -3.012+00 
1A, 7 -1.5A6-0A 
1A, 11 -1. 013-08 
1A, 15 8. A78-08 

1A, 19 -3. 131-11 
1 A, 23 -1.328-01 
1A, £7 -2.768+00 
1 A, 31 3.391-05 

15, 6 -5.875-08 
15, 10 -1. 353-03 
15, 1A 7.A61-07 

15.18 1.281-08 
15, 28 -1.399-07 
15, £6 -1. 19A+00 

15.30 £. 035-0A 


8,18 2.5A8-08 

8,22 -1.8A8-06 
8,86 -2.139+00 

8,30 £.583-01 

9, 5 -A. 962-02 
9, 9 -9. 35£-0£ 
9, 13 -1. 1 5A-0£ 
9,17 6.397-09 

9,21 -6.858+02 

9,25 -8.032+01 
9, £9 -3. 1A8+00 
10, A 5.212-03 
10, 8 -£. A8A-03 
10, 18 -7. 959-0A 

10.16 -6. A97-0A 

10.20 7.396+01 

10, 2»; -2.139+00 

10.28 -3. 18A-01 

10,38 -1.772-01 

11, 7 — 1 . 5A6-0A 

11,11 —9. £83-02 

11.15 8. A78-08 

11, 19 -3. 131-11 

11.23 -1.388-01 
11,87 -2.532+01 

11.31 3.391-05 

12, 6 -5.875-08 

12. 10 -1. 353-03 
12, 1A 7.A61-07 

12,18 1.281-08 
12, ££ -1.399-07 

12, 26 -1. 19A+00 

1£, 30 2. 035-0A 

13, 5 -3.280-02 
13, 9 -2.230-03 
13, 13 -1.018-01 

13.17 2.030-11 

13.21 -A. 530+02 
13, £5 -1.915+00 

13.29 -2.760+01 

1A, A -2.636-01 
1A, 8 1.830-0A 

1A, 12 8.A78-08 

1A, 16 1.05A-05 

1 A, 20 -3. 7A1+03 
1 A, 2A 1.61A-01 
1A, 28 3.391-05 

1A, 32 2.873-03 

15, 7 1.599-0A 

15.11 7. A61-07 

15. 15 -1. 1A0-01 

15,19 2.078-09 

15.23 1.373-01 

15,27 2.035-0A 

15.31 -A. 561+01 


8, 19 A. 187-09 

8,23 2.7A6-01 

8,27 £.583-01 

8,31 -3.185-01 

9, 6 —1.268—06 

9, 10 -3. 10A-0A 
9, 1A -7.753-0A 
9,18 3.001-09 

9, ££ -3.018-06 

9,26 -2.739-01 
9, 30 -2. 11A-01 

10, 5 -3.A0A-01 
10, 9 -3. 10A-0A 
10, 13 -6. A97-0A 
10, 17 -3. 01 1-10 

10.21 -A. 700+03 

13.25 -2.666-01 

10, £9 -1. 772-01 

11, A -£.636-01 

11, 8 1.830-0A 

11,12 8. A78-08 

11,16 1.05A-05 

11, £0 -3. 7A1+03 

11, £A 1.61A-01 

11,28 3.391-05 

11,32 £.873-03 

12, 7 1.599-0A 

12. 1 1 7. A61-07 

12.15 -A. 00A-0A 

12.19 2.078-09 

12,23 1.373-01 

12.27 2.035-0A 

12.31 -1.601-01 

13, 6 -8. 1A7-07 

13, 10 -1. 255-0A 
13, 1A 1.05A-05 

13,18 1.222-09 

13.22 -1.9A0-06 

13. 26 -1. 107-01 

13,30 £.873-03 

1A, 5 -1.873-03 
1A, 9 -1.A98-0A 
1A, 13 1.05A-05 

1A, 17 7.563-08 

1A, 21 -2.587+01 
1A, 25 -1.286-01 
1A, 29 2. 873-03 

15, A A.295-0A 
15, 8 -1.35A-03 

15.12 00A-0A 

15.16 -3.360-0A 

15.20 6.095+00 
15, £A -1. 19A+00 

15.28 -1.601-01 

15.32 -9.165-02 
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B, 

20 

-A. 97£f 01 

B, 

£A 

-e. £65+01 

B, 

28 

-3. 185-01 

a, 

32 

-1. 872-01 

9, 

7 

2. 262-03 

3, 

1 1 

-7. 753-0A 

3, 

15 

-9. 377-05 

3, 

19 

3. 298-08 

3, 

£3 

1 . 9A3+00 

3, 

27 

-2. 11A-01 

3, 

31 

-3. 751-02 

10, 

6 

2. 907-07 

1«, 

10 

-9. 367-02 

10, 

1A 

-9. AA2-0A 

10, 

18 

2. 5A7-08 

10, 

£2 

6. 922-07 

10, 

£6 

—8. £65+01 

10, 

30 

-2. 575-01 

11, 

5 

-1. 873-03 

11, 

9 

-1. A98-0A 

11, 

13 

1. 05A-05 

11, 

17 

7. 563-08 

11, 

21 

-2. 587+01 

11, 

£5 

-1. £86-01 

11, 

£9 

2. 873-03 

12, 

A 

A. 295-0A 

12, 

8 

-1. 35A-03 

12, 

12 

-1. 1A0-01 

12, 

16 

-3. 360-0A 

12, 

20 

6. 095+00 

12, 

£A 

-1. 19A+00 

12, 

28 

-A. 561+01 

12, 

32 

-9. 165-02 

13, 

7 

2. £36-03 

13, 

1 1 

1. 05A-05 

13, 

15 

-3. 819-05 

13, 

19 

2. 907-08 

13, 

£3 

1. 921+00 

1 3, 

£7 

2. 873-03 

13, 

31 

-1. 527-02 

IS 

6 

3. £35-07 

14, 

10 

-1. 82A-0A 

14, 

1A 

-9. £83-02 

14, 

18 

-2. 713-12 

14, 

£2 

7. 703-07 

14, 

£6 

-1. 609-01 

14, 

30 

-2. 532+01 

15, 

5 

-1. 695-01 

15, 

9 

-1. 59A-0A 

15, 

13 

-3. 360-0A 

15, 17 

1. A37-12 

15, 

21 

-2. 3A1+03 

15, 

25 

-1. 369-01 

15, 

£9 

-9. 165-02 

16, 

A 

6. 065-03 


•#***■»**** 




******* SYSTEM MATRICES FOR £8 DEG ORBIT ( 3 of 3 ) 


Matrix F (continued' 


16 , 

5 

- 3 . £ 80 - 0 £ 

16 , 

6 

- 8 . 147-07 

16 , 

7 

2 . £ 36-03 

16 , 

8 

- 1 . 326-04 

16 , 

9 

- 2 . 230-03 

16 , 

10 

- 1 . £ 55-04 

16 , 

11 

1 . 054-05 

16 , 

12 

- 3 . 819-05 

16 , 

13 

- 1 . 104-02 

16 , 

14 

1 . 054-05 

16 , 

15 

- 3 . 819-05 

16 , 

16 

- 1 . 012-01 

16 , 

17 

2 . 030-11 

18 , 

18 

1 . £ 22-09 

16 , 

19 

2 . 907-08 

16 , 

20 

6 . 607+01 

16 , 

£1 

- 4 . 530-*- 02 

16 , 

£2 

- 1 . 940-06 

16 , 

23 

1 . 921+00 

16 , 

£4 

- 1 . 170-01 

16 , 

£5 

- 1 . 915+00 

16 , 

£6 

- 1 . 107-01 

16 , 

27 

2 . 873-03 

16 , 

28 

- 1 . 527-02 

16 , 

£9 

— 3 . 012+00 

16 , 

30 

2 . 873-03 

16 , 

31 

- 1 . 527-02 

16 , 

32 

— 2 . 760+01 

17 , 

1 

1 . 000+00 

18 , 

2 

1 . 000+00 

19 , 

3 

1 . 000+00 

2 ®, 

4 

1 . 000+00 

ei . 

5 

1 . 000+00 

22 , 

6 

1 . 000+00 

23 , 

7 

1 . 000+00 

24 , 

8 

1 . 000+00 

25 , 

9 

1 . 000+00 

26 , 

10 

1 . 000+00 

27 , 

1 1 

1 . 000+00 

28 , 

12 

1 . 000+00 

£S, 

13 

1 . 000+00 

30 , 

14 

1 . 000+00 

31 , 

15 

1 . 000+00 

32 , 

16 

1 . 000+00 

33 , 

17 

1 . 000+00 

34 , 

18 

1 . 000+00 

35 , 

19 

1 . 000+00 

36 , 

36 

- 8 . 400+01 

36 , 

38 

- 7 . £ 00+03 

37 , 

37 

- 8 . 300+01 

37 , 

39 

— 7 . £ 00+03 

38 , 

36 

1 . 000+00 

39 , 

37 

1 . 000+00 

40 , 

17 

- 2 . 500+00 

40 , 

36 

2 . 500+00 

40 , 

40 

- 2 . 100+00 

40 , 

4 £ 

— £. 500+00 

41 , 

18 

- 2 . 400+00 

41 , 

37 

2 . 400+00 

41 , 

41 

- 2 . 100+00 

41 , 

43 

- 2 . 400+00 

42 , 

40 

1 . 000+00 

43 , 

41 

1 . 000+00 

44 , 

42 

1 . 000+00 

45 , 

43 

1 . 000+00 










** 

G 

IS 45 X 17 










1 , 

1 

7 . 416-05 

1 , 

2 

2 . 395-09 

1 , 

3 

2 . 010-08 

1 , 

15 

7 . 416-05 

1 , 

16 

2 . 395-09 

1 , 

17 

2 . 010-08 

2 , 

1 

2 . 395-09 

2 , 

£ 

8 . 007-05 

2 , 

3 

9 . 446-06 

2 , 

15 

2 . 395-09 

2 , 

16 

8 . 007-05 

2 , 

17 

9 . 446-06 

3, 

1 

2 . 010-08 

3, 

£ 

9 . 446-06 

3, 

3 

7 . 550—05 

3, 

15 

2 . 010-08 

3, 

16 

9 . 446-06 

3, 

17 

7 . 550-05 

4, 

1 

- 7 . 451-05 

4, 

£ 

2 . 045-07 

4, 

3 

1 . 716-06 

5, 

1 

1 . 259-07 

5, 

2 

- 8 . 073-05 

5, 

3 

- 1.1 16-05 

6 , 

1 

2 . 305-06 

6 , 

2 

- 6 . 994-06 

6 , 

3 

- 5 . 337-05 

7, 

1 

- 1 . 058-05 

7, 

£ 

1 . 881-05 

7, 

3 

1 . 504-04 

8 , 

1 

- 5 . 113-07 

a, 

2 

- 1 . 592-04 

8 , 

3 

- 1 . 903-05 

3, 

1 

- 1 . 066-05 

9 , 

£ 

- 1 . 875-05 

9, 

3 

- 1 . 499-04 

10 , 

1 

5 . 018-07 

10 , 

2 

- 1 . 59£-04 

1 ®, 

3 

- 1 . 853-05 

n, 

1 

— 1 . £ 60—04 

11 . 

£ 

1 . 696-08 

11 , 

3 

1 . 423-07 

12 , 

1 

- 2 . 395-09 

12 , 

£ 

- 8 . 007-05 

12 , 

3 

- 9 . 446-06 

13 , 

1 

- 3 . 383-08 

13 , 

2 

- 7 . 637-06 

13 , 

3 

- 1 . 321-04 

14 , 

1 

- 1 . £ 60-04 

14 , 

£ 

1 . 696-08 

14 , 

3 

1 . 423-07 

1 

1 

- 2 . 395-09 

15 , 

2 

- 8 . 007-05 

15 , 

3 

- 9 . 446-06 

16 , 

1 

- 3 . 383-08 

16 , 

£ 

- 7 . 637-06 

16 , 

3 

- 1 . 321-04 

33, 

12 

- 1 . 000+00 

34 , 

13 

- 1 . 000+00 


14 

- 1 . 000+00 

36 , 

4 

8 . 400+01 

37 , 

5 

a. 400+01 

38 , 

4 

- 1 . 000+00 

39 , 

5 

- 1 . 000+00 

40 , 

12 

2 . 500+00 

41 , 

13 

2 . 500+00 








*# 

C IS 5 X 45 










1 , 

1 — 1 . 1 06+05 

1 , 

2 

- 1 . 677-01 

1 , 

3 

2 . 946+01 

1 , 

17 

— 3 . 582+05 

1 , 

18 - 5 . 432-01 

1 , 

19 

9 . 543+01 

1 , 

33 

- 5 . 018+05 

1 , 

34 

- 7 . 610-01 

1 , 

35 1 . 337+02 

2 , 

1 

- 1 . 677-01 

2 , 

2 

- 1 . 039+05 

2 , 

3 

1 . 300+04 

2 , 

17 - 5 . 432-01 

2 , 

18 

- 3 . 367+05 

2 , 

19 

4 . 212+04 

2 , 

33 

- 7 . 611-01 

2 , 

34 - 4 . 717+05 

2 , 

35 

5 . 901+04 

3 , 

1 

2 . 946+01 

3 , 

2 

1 . 300+04 

3 , 

3 — 1 . 1 02+05 

3 , 

17 

9 . 543+01 

3 , 

18 

4 . 212+04 

3 , 

19 

- 3 . 570+05 

3 , 

33 1 . 337+02 

3 , 

34 

5 . 901+04 

3 , 

35 

- 5 . 002+05 

4 , 

17 

1 . 020+00 

4 , 

42 - 2 . 000+01 

4 , 

44 

- 2 . 000+01 

5 , 

18 

1 . 122+00 


43 

- 2 . 200+01 

5, 

45 - 2 . 200+01 










»* 

B IS 5 X 12 










1 , 

1 1 . 020+00 

1 , 

4 

1 . 106+05 

1 , 

5 

1 . 677-01 

1 , 

6 

- 2 . 946+01 

1 , 

7 3 . 582+05 

1 , 

8 

5 . 432-01 

1 , 

9 

- 9 . 543+01 

2 , 

2 

1 . 020+00 

2 , 

4 1 . 677-01 

2 , 

5 

1 . 039+05 

2 , 

6 

- 1 . 300+04 

2 , 

7 

5 . 432-01 

2 , 

8 3 . 367+05 

2 , 

9 

- 4 . 212+04 

3 , 

3 

1 . 020+00 

3 , 

4 

- 2 . 946+01 

3 , 

5 - 1 . 300+04 

3 , 

6 

1 . 102+05 

3 , 

7 

- 9 . 543+01 

3 , 

8 

- 4 . £ 12+04 

3 , 

9 3 . 570+05 

4 , 

7 

- 1 . 020+00 

= , 

8 

- 1 . 122+00 





222 



*■**#*#* 


VEHICLE DYNAMICS MATRICES FOR 98 DEB ORBIT 


***#•*#* 


*# 

Fv 

IS 20X20 






1* 

4 

1. £05-01 

1, 5 

-2. 943-04 

1, 6 -1.308-08 

l, 7 

8. 703-05 

1. 

a 

-1. 673-08 

1, 9 

8. 771-05 

1,10 1.562-07 

1,11 

-4. 014-08 

1, 

12 

-6. 446-12 

1, 13 

-4.317-11 

1,14 1.446+03 

1, 15 

-3. 679+00 

1* 

16 

-3. 1 15-08 

1, 17 

7. 474-02 

1,18 -1. 476-05 

1, 19 

7. 429-02 

1, 

£0 

1. 360-04 

2, 4 

-5. 451-05 

2, 5 1.339-01 

2, 6 

1. 014-07 

£» 

7 

-2. 702-04 

£, a 

1. 423-03 

2, 9 2.689-04 

2, 10 

1. 422-03 

2, 

1 1 

-2. 417-12 

2, 12 

-1. 315-07 

2,13 -3.426-08 

2, 14 

-6. 542-01 

2| 

15 

1. 674+03 

2, 16 

2. 414-07 

2, 17 -2. 321-01 

2, 18 

1. 256+00 

2, 

19 

2. 278-01 

2, 20 

1. £38+00 

3, 4 —2. 655—04 

3, 5 

3. 62 1 —02 

3, 

6 

4. 908-07 

3, 7 

-1. 312-03 

3, 8 2. 728-04 

3, 9 

1. 305-03 

3, 

10 

2. 663—04 

3, 11 

-1. 177-11 

3, 12 -2. 492-08 

3, 13 

-1. 663-07 

3, 

14 

-3. 186+00 

3,15 

4.527+02 

3,16 1.169-06 

3, 17 

-1. 127+00 


ia 

2. 407-01 

3, 19 

1. 106+00 

3,20 2.318-01 

4, 4 

-1. 269+00 

4, 

5 

-2. 212-03 

4, 6 

-9. 834-08 

4, 7 -8.482-05 

4, a 

-1. 258-07 


9 

-7. 972-05 

4, .0 

1. 174-06 

4, 1 1 4. 016-08 

A, 12 

-4. 846-11 

A, 

13 

-3. 245-10 

4, 14 

-1. 523+04 

4, 15 -2. 766+01 

4, 16 

-2. 341-07 

A, 

17 

-7. 285-02 

4, 18 

-1. 110-04 

4,19 -6.752-02 

4, 20 

1. 022-03 

5» 

4 

-2. 489-03 

5, 5 

-1. 199+00 

5, 6 -4.087-06 

5, 7 

3.61 6—04 

5, 

a 

-1. 418-03 

5, 9 

-4. 220-04 

5, 10 -1. 479-03 

5, 1 1 

-1. 104-10 

5, 

12 

1. 339-07 

5, 13 

4. 979-08 

5,14 -2.987-<-01 

5, 15 

-1. 498+04 

5, 

16 

-9. 731-06 

5, 17 

3. 106-01 

5, 18 -1. 251+00 

5, 19 

-3.574-01 

5, 

£0 

-1. 288+00 

6, 4 

-2. 107-02 

6, 5 -7.785-01 

6, 6 

-3. 302-05 

6, 

7 

7. 560-04 

6, 8 

-4. 272-04 

6, 9 -1 . £67-03 

6, 10 

9. 328-06 

6, 

1 1 

-9. 344-10 

6, 12 

1. 931-08 

6,13 1.286-07 

6, 14 

-2. 529+02 

6, 

15 

-9. 731+03 

6, 16 

-7. 862-05 

6,17 6.492-01 

6, 18 

-3. 769-01 

6, 

19 

-1. 073+00 

6, 20 

8. 121-03 

7, 4 -1.796-02 

7, 5 

6. 807-02 

7, 

6 

7. 471-07 

7, 7 

-1. 029-01 

7, 8 5. 552-04 

7, 9 

2. 357-03 

7, 

10 

5. 453-04 

7, 11 

6. 143-09 

7,12 -5.086-08 

7, 13 

-3. 395-07 

7, 

14 

— 2. 155+02 

7, 15 

8. 508+02 

7,16 1.779-06 

7, 17 

-8. 835+01 

7, 

13 

4. 899-01 

7, 19 

1. 997+00 

7,20 4.748-01 

a, 4 

-2. 663-05 

a, 

5 

-2. 670-01 

8, 6 

-4. £22-07 

8, 7 5. 552—04 

8, 8 

-1. 031-01 

a, 

9 

-5. 558-04 

8, 10 

-2. 603-03 

8, 11 -1. 181-12 

8, 12 

2. 679-07 

a. 

13 

7. 060-08 

8, 14 

-3. 196-01 

8,15 -3.337+03 

8, 16 

-1. 005-06 

a, 

17 

4. 768-01 

8, 18 

-9. 095+01 

8, 19 -4. 708-01 

8, 20 

-2. 266+00 

9, 

4 

-1. 688-02 

9, 5 

-7. 943-02 

9, 6 -1.252-06 

9, 7 

2. 357-03 

9, 

a 

-5. 558-04 

9, 9 

-1. 028-01 

9,10 -5.393-04 

9, 11 

6. 191-09 

9, 

12 

5. 061-08 

9, 13 

3. 378-07 

9,14 -2.026+02 

9, 15 

-9. 929+02 

9, 

16 

-2. 981-06 

9, 17 

2. 024+00 

9, 18 -4. 904-01 

9, 19 

-8. 711+01 

9, 

20 

-4. 695-01 

10, 4 

2. 487-04 

10, 5 -2.784-01 

10, 6 

9. 219-09 

10, 

7 

5. 453-04 

10, 8 

-2. 603-03 

10, 9 -5.393-04 

10, 10 

-1. 031-01 

10, 

1 1 

1. 103-11 

10, 12 

2. 677-07 

10,13 6.893-08 

10, 14 

2. 984h 00 

1®, 

15 

—3. 480+03 

10, 16 

2. 195-08 

10,17 4.683-01 

10, 18 

-2. 297+00 

10, 

19 

-4. 568-01 

10, 20 

-8. 973+01 

11, 1 1.000+00 

12, 2 

1. 000+00 

13, 

3 

1. 000+00 

14, 4 

1. 000+00 

15, 5 1.000+00 

It, 6 

1. 000+00 

17, 

7 

1. 000+00 

18, 8 

1. 000+00 

19, 9 1.000+00 

20, 10 

1 . 000+00 

** 

Gv 

IS 20X 3 






1 


6. 690-05 

4.029-09 1. 

962-08 



2 


4. 029-09 

8.219-05 1. 

557-05 



3 


1. 962-08 

1.557-05 7. 

559-05 



4 


-6. 693-05 

3.029-08 1, 

475-07 



5 


1. 840-07 

-8. 369-05 - 2. 

£63-05 



6 


1. 557-06 

-1.207-05 -5. 

843-05 



7 


— 1 . 024-05 

3. 179-05 1. 

543-04 



a 


1. 968-09 

-1.675-04 -3. 

209-05 



9 


-1. 032-05 

-3. 163-05 -1. 

536-04 



10 


-1. 838-08 

-1.673-04 -3. 

133-05 
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******* SYSTEM MATRICES FOR THE 98 DEG ORBIT (1 OF 2) 


** F IS 33X33 


1, 

4 

1. £05-01 

1, 

5 

-2. 943-04 

1» 

6 

-1. 308-08 

• 1, 

7 

8. 703-05 

1, 

a 

-1. 673-08 

1, 

9 

8. 771-05 

1, 

10 

1. 562-07 

1, 

1 1 

-4. 014-08 

1, 

12 

-6. 446-12 

1, 

13 

-4. 317-11 

1, 

14 

1. 446+03 

1, 

15 

-3. 679+00 

i, 

16 

-3. 1 15-08 

1. 

17 

7. 474-02 

1, 

18 

-1, 476-05 

1, 

19 

7. 429-02 

x. 

£0 

1. 360-04 

£, 

4 

-5- 451-05 

2, 

5 

i. 339-01 

E, 

6 

1. 014-07 

£, 

7 

-2. 702-04 

2, 

8 

1. 423-03 

2, 

9 

2. 689-04 

£, 

10 

1. 422-03 

E, 

1 1 

-2. 417-12 

2, 

12 

-1. 315-07 

2, 

13 

-3. 426-08 

£, 

14 

-6. 542-01 

2, 

15 

1. 674+03 

2, 

16 

2. 414-07 

2, 

17 

-2. 321-01 

E, 

18 

1. 256+00 

2, 

19 

2. £78-01 

2, 

20 

1. 238+00 

3, 

4 

-2. 655-04 

3, 

5 

3. 621-02 

3, 

6 

4. 908-07 

3, 

7 

-1. 312-03 

3, 

a 

2. 728-04 

3, 

9 

1. 305-03 

3, 

10 

2. 663-04 

3, 

11 

-i. 177-11 

3, 

12 

-2. 492-08 

3, 

13 

-1. 663-07 

3, 

14 

-3. 186+00 

3, 

15 

4.527+02 

3, 

16 

1. 169-06 

3, 

17 

-1. 127+00 

3, 

18 

2. 407-01 

3, 

19 

1. 106+00 

3, 

20 

2. 318-01 

4, 

4 

-1. 269+00 

S 

5 

-2. 212-03 

4, 

6 

-9. 834-08 

*, 

7 

-8. 482-05 

4, 

8 

-1. 258-07 


9 

-7. 972-05 

4, 

10 

1. 174-06 

4, 

11 

4. 016-08 

A, 

12 

-4. 846-11 


13 

-3. 245-10 

4, 

14 

-1. 523+04 

S 

15 

-2. 766+01 

A, 

16 

-2. 341-07 

A, 

17 

-7. 285-02 

4, 

18 

-1. 110 *4 

S 

19 

-6. 752-02 

4, 

20 

1. 022-03 

5, 

4 

-2. 489-03 

3, 

5 

-1. 199+60 

5, 

6 

-4. 087-06 

5, 

7 

3. 616-04 

5, 

8 

-1. 418-03 

5, 

9 

-4. 220 -04 

5, 

10 

-1. 479-03 

5, 

11 

-1. 104-10 

5, 

12 

1. 339-07 

5, 

13 

4. 979-08 

5, 

14 

-2. 987+01 


15 

-1. 498+04 

5, 

16 

-9. 731-06 


17 

3. 106-01 

5, 

18 

-1. £51+00 

5, 

19 

-3. 574-01 

5, 

20 

-1. £88+00 

6, 

4 

-2. 107-02 

B, 

5 

-7. 785-01 

6, 

6 

-3. 302-05 

6, 

7 

7. 560-04 

6, 

8 

-4. 272-04 

6, 

9 

-1. £67-03 

6, 

10 

9. 328-06 

6, 

11 

-9. 344-10 

6, 

12 

1. 931-08 

6, 

13 

1. 286-07 

6, 

14 

-2. 529+02 

6, 

15 

-9. 731+03 

6, 

16 

-7. 862-05 

6, 

17 

6. 492-01 

6, 

18 

-3. 769-01 

6, 

19 

-1. 073+00 

6, 

20 

8. 121-03 

7, 

4 

-1 796-02 

7, 

5 

6. 807-02 

7, 

6 

7. 471-07 

7, 

7 

-1. 029-01 

7, 

a 

5. 552-04 

7, 

9 

2. 357-03 

7, 

10 

5. 453-04 

7, 

1 1 

6. 143-09 

7, 

12 

-5. 086-08 

7, 

13 

-3. 395-07 

7, 

14 

-2. 155+02 

7, 

15 

a. 508+02 

7, 

16 

1. 779-06 

7. 

17 

-8. 835+01 

7, 

18 

4. 899-01 

7, 

19 

1. 997+00 

7, 

20 

4. 748-01 

a, 

4 

-2. 663-05 

B, 

5 

-2. 670-01 

a, 

6 

-4. 222-07 

a, 

7 

5. 552-04 

a, 

8 

-1. 031-01 

a, 

9 

-5. 558-04 

a, 

10 

-2. 603-03 

a, 

11 

-1. 181-12 

a, 

12 

2. 679-07 

a. 

13 

7. 060-08 

a, 

14 

-3. 196-01 

a, 

15 

-3. 337+03 

a, 

16 

-1. 005-06 

a, 

17 

4. 768-01 

a, 

18 

-9. 095+01 

a, 

19 

-4.708-01 

a, 

20 

-2. 266+00 

9, 

4 

-1. 688-02 

9, 

5 

-7. 943-02 

9, 

6 

-1.252-06 

9, 

7 

2. 357-03 

9, 

8 

J. 558-04 

9, 

9 

-1. 028-01 

9, 

10 

-5. 393-04 

9, 

11 

6. 191-09 

9, 

12 

5. 061-08 

9, 

13 

3. 378-07 

9, 

14 

-2. 026+02 

9, 

15 

-9. 929+02 

9, 

16 

-2. 981-06 

9, 

17 

2. 024+00 

9, 

18 

-4. 904-01 

9, 

19 

-8. 711+01 

9, 

20 

-4. 695-01 

10, 

4 

2. 487-04 

10, 

5 

-2. 784-01 

10, 

6 

9. 219-09 

10, 

7 

5. 453-04 

10, 

8 

-2. 603-03 

10, 

9 

-5. 393-04 

10, 

10 

-1. 031-01 

10, 

11 

1. 103-11 

10, 

12 

2. 677-07 

10, 

13 

6. 893-08 

1®, 

14 

2. 984+00 

10, 

15 

-3. 480+03 

10, 

16 

2. 195-08 

10, 

17 

4. 683-01 

1®, 

18 

-2. 297+00 

10, 

19 

-4. 568-01 

10, 

20 

-8. 973+01 

11, 

1 

1. 000+00 

IE, 

2 

1. 000+00 

13, 

3 

1. 000+00 

14, 

4 

1. 000+00 

15, 

5 

1 . 000+00 

16, 

6 

1. 000+00 

17, 

7 

1 . 000+00 

ia, 

8 

1. 000+00 

19, 

9 

1. 000+00 

2®, 

10 

1. 000+00 

21, 

11 

1 . 000+00 

22, 

12 

1. 000+00 

23, 

13 

1. 000+00 

24, 

24 

-a. 400+01 

24, 

26 

-7. 200+03 

25, 

25 

-8. 300+01 

25, 

27 

—7. 200+03 

26, 

24 

1. 000+00 

27, 

25 

1 . 000+00 

28, 

11 

—2. 500+00 

28, 

24 

C. 500+00 

2a, 

28 

-2. 100+00 

28, 

30 

—2. 500+00 

29, 

12 

-2. 400+00 

29, 

£5 

2. 400+00 

29, 

£9 

-2. 100+00 

29, 

31 

-2. 400+00 

30, 

28 

1. 000+00 

31, 

29 

1. 000+00 

32, 

30 

1. 000+00 

33, 

31 

1. 000+00 
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******** SYSTEM MATRICES FOR 98 DEG ORBIT <2 OF 2) *********** 


** 

G 

IS 33X17 




1. 

1 

6. 690-05 

1. 

2 

A. 029-09 

1. 

IS 

A. 029-09 

1. 

17 

1. 962-08 

£, 

3 

1. 557-05 

2, 

15 

A. 029-09 

3» 

1 

1. 962-08 

3, 

2 

1. 557-05 

3, 

IS 

1. 557-05 

3, 

17 

7. 559-05 

4, 

W 4 

1. A75-07 

5, 

1 

1. 8A0-07 

6, 

1 

1. 557-06 

6, 

£ 

-1. 207-05 

7, 

£ 

3. 179-05 

7, 

3 

1. 5A3-0A 

a, 

3 

-3. £09-05 

9, 

1 

-1. 032-05 

i®, 

1 

-1. 838-08 

10, 

2 

-1. 673-0A 

E£, 

13 

-1. 000+00 

£3, 

1A 

-1. 000+00 

£6, 

A 

-1. 000+00 

27, 

5 

-1. 000+00 

** 

C 

IS 5X33 




1. 

1 

-1. 226+05 

1. 

2 

-2. 059-02 

1. 

12 

-6. 669-02 

1, 

13 

1. 031+02 

1, 

23 

1. AAA+02 

2, 

1 

-2. 059-02 

2, 

11 

-6. 669-02 

2, 

12 

-3. 363+05 

2, 

22 

-A. 71 1+05 

2, 

23 

9. 705+0A 

3, 

3 

-1. 129+05 

3, 

1 1 

1.031+02 

3, 

21 

1. AAA+02 

3, 

22 

9. 705+0A 

A, 

30 

-2. 000+01 

S 

32 

-2. 000+01 

5, 

33 

-2. £00+01 




** 

B 

IS 5X12 




1, 

1 

1. 020+00 

1, 

A 

1. 226+05 

1. 

7 

3. 970+05 

1. 

a 

6. 669-02 

2, 

A 

2. 059-02 

2, 

5 

1 . 038+05 

2, 

a 

3. 363+05 

2, 

9 

-6. 927+0A 

3, 

5 

-2. 139+0A 

3, 

6 

1. 129+05 

3, 

9 

3. 656+05 

A, 

7 

-1. 020+00 


1, 

3 

1. 962-08 

1. 

15 

6. 690-05 

2» 

1 

A. 029-09 

£» 

2 

6. 219-05 

2, 

16 

8. £19-05 

2» 

17 

1. 557-05 

3, 

3 

7. 559—05 

3, 

15 

1. 962-08 

A, 

1 

-6. 693-05 

4 , 

2 

3. 029-08 

5, 

2 

-8. 369-05 

5, 

3 

-2. £63-05 

6 , 

3 

-5. 8A3-05 

7, 

1 

-1. 02A-05 

a, 

1 

1. 968-09 

a, 

2 

-1. 675-0A 

9, 

£ 

-3. 163-05 

9, 

3 

-1. 536-0A 

1®, 

3 

-3. 133-05 

21. 

12 

-1. 000+00 

£ 4 , 

A 

8. A00+01 

£5, 

5 

8. A00+01 

£8, 

12 

2. 500+00 

29, 

13 

2. 500+00 


1. 

3 

3. 182+01 

1, 11 

-3. 970+05 

1, 

21 

-5. 562+05 

1,22 

-9. 3AA-02 

2, 

2 

-1. 038+05 

2, 3 

2. 139+0A 

2, 

13 

6. 927+0A 

2, 21 

-9. 3A3-02 

3, 

1 

3. 182+01 

3, 2 

2. 139+0A 

3, 

12 

6. 927+0A 

3, 13 

-3. 656+05 

3, 

23 

-5. 122+05 

A, 11 

1. 020+00 

5, 

12 

1. 122+00 

5, 31 

-2. £00+01 


1. 

5 

2. 059-02 

1, 

6 

-3. 182+01 

1, 

9 

-1. 031+02 

2. 

2 

1. 020+00 

2. 

6 

-2. 139+0A 

2, 

7 

6. 669—02 

3, 

3 

1. 020+00 

3, 

A 

-3. 182+01 

3, 

7 

-1. 031+02 

3, 

8 

-6. 927+0A 

5, 

0 

-1. 122+00 





